Abstract-The presented paper investigates the problems of image pre-processing methods for traffic sign recognition. It describes different methods and algorithms that allow to make Traffic Sign Recognition (TSR) systems adaptable for real-life environment and to convert the input information (from the camera) to a usable format for analyzing information about a traffic sign. In the experimental part of the paper the most important aspect regarding the comparison of image preprocessing algorithms is illustrated.
I. INTRODUCTION
The topic "Development of Traffic Sign Recognition System" is very popular due to the increasing number of cars and road accidents. Therefore, a lot of well-known companies like BMW, Volkswagen, Saab, Google Car [1] - [3] -have been using the Traffic Sign Recognition system. The TSR system can improve the attentive behavior of drivers and makes it possible to create autonomous cars. These cars, with TSR system, have a camera for getting video information. For the reason that TSR system works in real-life environment, input information from the camera is affected by various factors, such as weather conditions, illumination and otherswhich complicate the recognition process. For this reason we must use image pre-processing which makes image filtration and converts input information into usable format for further analysis. A lot of well-known approaches to TSR Development [4] - [7] have been using computer vision libraries (for example: OpenCV) and Multi-Layer Artificial Neural Networks. However, these approaches need huge amount of resource and high performance. As well, usually universal algorithms from computer vision libraries are not effective enough for traffic sign recognition. Thus, this paper describes effective approaches to image pre-processing development for traffic sign recognition.
II. PROBLEM STATEMENT
There are descriptions of different methods and algorithms which allow to adapt the Traffic Sign Recognition (TSR) system for real-life environment and to convert the input information (from camera) to usable format for analyzing information about traffic signs. The image pre-processing consists of four parts:
Part 1 a) RGB/RAW to HSV conversion; b) image binarization (marked with blue and red color).
Part 2 a) "macro" segmentation; b) edge detection (signature). Part 3 a) brightness adaptation; b) color (of the pixel) corrections; c) "micro" segmentation. Part 4 a) sign image normalizer (rotation).
III. PROPOSED APPROACH
Image pre-processing consists of many algorithms and methods. The total structure of TSR system is shown in Fig. 1 where the image pre-processing blocks are marked blue. Image pre-processing simplifies shape recognition, color analysis and sign content analysis. Before the shape recognition, traffic sign edge is marked by signature [8, Ch. 11] . Prior to making color analysis, color of the pixel is corrected by brightness adaptation and additional information algorithms. Before analysis of traffic sign content, sign image is scaled and rotated [9] . 
A. HSV Conversion
At the beginning TSR system takes the picture from camera ( Fig. 1 The HSV model consists of hue, saturation and value (1). The hue color coordinate makes it possible to determine the color of pixels. The hue does not depend on brightness because of the value coordinate -brightness level. The Ssaturation is a very important value because of the traffic sign blue and red colors. These colors are very pure, therefore, the saturation value of the traffic sign red and blue colors is close to the maximum. The HSV model separates information about color hue, brightness level and saturation [11] .
RGB to HSV conversion:
(1) where R-red, G-green, B-blue color coordinates of image input pixels (the color coordinates range from 0 to 255); H hue (range is from 0 to 360); S saturation (range is from 0 to 255); V value (range is from 0 to 255).
B. Image Binarization
After HSV conversion we can identify pixel colors. The important colors of traffic signs are blue and red. The blue and the red colors are marked by binary information. If color coordinates of image pixel are in the range of red and blue colors (Table II) , then we can write '1', else '0'. As a result we obtain a binary image (Fig. 2) . 
C. "Macro" Segmentation
We need the segmentation [12, Ch. 3] for image object separation. After red and blue color binarization, we have traffic sign borders. We can mark these borders separately. It means that each border has its own index. Therefore each traffic sign has one border and one index. After the segmentation we can analyse each traffic sign separately (Fig. 3) . 
Traffic sign shape depends on the edge. After "macro" segmentation we can analyse each traffic sign edge separately. Before the shape recognition we must convert information about the edge to the favourite format. The edge format in Fig.  4 is the function of the corner theta (r(θ)=Radius). The number of function peaks is dependent on the traffic sign shape. The radius is the destination between the centrode (2) (3) and the outside contour of the segment (traffic sign border) [8, Ch. 11] .
Binary segment centrode calculation:
where Hight and Width segment size; I(x,y) binary image function (pixel(x,y)-white, then '1', else 0); y and x centrode coordinates. 
E. Brightness Adaptation
If we want to make a small traffic sign segment analysis, we must make more precise determination of the color of pixels. When we use image binarization with static ranges (Table II) , we have a lot of problems with black and white colors, because of different brightness. So, we must change color coordinate range according to the level of brightness. Therefore, at first we have to count region brightness level (4) (Fig. 3) . Then, according to the information about the brightness level we can change the ranges of black and white. See infra brightness adaptation algorithms and results in Fig. 6 
Results: (Table II) and adaptive range.
F. Color (of pixel) Corrections
After brightness adaptation we have pixel color noise (Fig. 7), (Fig. 8) . Therefore, we have to use color correction. We can make color correction only if we know that most of the pixels are determined correctly. Correction works more precisely, if we know additional information about the traffic sign (for example traffic sign shape). The most problematic colors are black and white. Therefore, black and white color correction is the most important. If we make black and white color correction, we have two centers: the center of black color and the center of white color (Fig. 8) . The saturation and value diapasons are divided by 26*26 cells (Fig. 8) . The cell which contains the highest number of black pixels is the center of black color and the cell which contains the highest number of white pixels is the centre of white color (Fig. 8) . After the centers are detected, we can make black and white color correction. If the distance (6) from the image pixel coordinates (S and V) to the center of white color is smaller than the distance (5) from the image pixel coordinates to the center of black color, then the pixel color is white, another pixel color is black (Fig. 9), (Fig. 10) . As a result we do not have pixel color noise (Fig. 7), (Fig. 10) . 
The distance from the center of black and white color to the pixel of binary image (Fig.10):
where R_Black distance from the centre of black color to the pixel of image; R_White distance from the centre of white color to the pixel of image; Pixel pixel from the image like point G in (Fig. 10) ; Black_C and White_C centers of black and white color; S and V pixel color coordinate (Saturation and Value).
G. "Micro" Segmentation
After color correction we can determinate the small traffic sign segments. "Micro" segmentation separates these small segments (Fig. 11) . Each segment has its own index. "Micro" segmentation uses the same algorithms as "macro" segmentation, with a small difference: "micro" segmentation marks small elements.
After "micro" segmentation we can make color analysis of the segment and content analysis. 
H. Sign Image Normalization (Rotation)
Usually the arrangement of a traffic sign is not quite straight. So, if we want to have a straight traffic sign, we must rotate it (Fig. 12 ). Traffic sign rotation is possible with rotation matrix (7), (8), [9] . Rotation matrix is dependent on θ -rotation angle. The Θ is calculated by formula (9). Rotation Matrix:
where θ denotes the rotation angle.
Rotation algorithm: Θ calculation: (9) where Y1, Y2,X1,X2 are coordinates of points (Fig. 12 ).
IV. EXPERIMENTAL RESULTS

A. Experiment With Selection of Traffic Sign Content
The most difficult problem is the selection of the traffic sign content. This experiment shows the significance of methods of approach.
The experiment (Table III) consists of 4 algorithms: image binarization, brightness adaptation, color correction and sign image normalization. The experiment is evaluated by the following parameters:
Input image brightness level: high, medium and low; Deviation angle: no angle (<3º), small angle (3º -6.5º) and big angle (>6.5 º); Content visibility: good, medium and bad; Pixel noise: no noise, a bit of noise and a lot of noise; Shape deformation: flattening, elongation and other. The suggested method takes away deviation angle, pixel noise, shape deformation and compensates low brightness level. As a result we will have good visibility of traffic sign content.
B. Comparison With Other Algorithms
This experiment compares the proposed method with the well-known method of adaptive binarization [10, L. 3)]. Table IV shows the difference between the results of the methods. 
Input image
The proposed method Time of the algorithm < 1ms < 1ms < 1ms
The adaptive binarization
Time of the algorithm < 1ms < 1ms < 1ms
Radius = 10
Time of the algorithm 15 ms 31 ms 15ms 
Comparison:
The suggested method Advantages: 1) relatively fast method; 2) does not depend on the image size; 3) easy to use (no need to adjust). Disadvantages:
1) consists of 3 parts. The adaptive binarization.
Advantages: 1) easy for realization; 2) universal. Disadvantages: 1) operates relatively slowly; 2) radius must be chosen; 3) depends on the size of the image.
V. CONCLUSION
The HSV conversion and image binarization allow to obtain important information from the image. "Macro" and "micro" segmentation allows to separate the image into many objects and to determine its color characteristics, form and content. The edge selection converts the information about the edge to the favourite format and it helps to analyze the traffic sign shape. Thanks to the brightness adaptation and color correction we can discern the small segments of the traffic sign, which is very important for color and content analysis.
Methods and algorithms proposed in this paper are quite effective (the selection of the traffic sign content takes less than 1ms). Experiments show that the suggested algorithm and methods are very useful. Thanks to the suggested approach, TSR system can work without multilayer neural networks and computer vision libraries.
The image pre-processing methods and algorithms allow to make TSR system adaptable for real-life environment and to convert input information (from camera) into a usable format for analyzing the information about a traffic sign.
